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If o-nitrotoluene in water is exposed to ultraviolet light, a short-lived speeies is formed which has a strong absorption band
in the blue and near uitraviolet regions of the speetrum. Two different absorption spectra of the species are given, inter-
preted as.the absorption spectrum of the acid form and theé anionie form of the species, respectively. The decay follows
that of a first-order reaction with a rate constant of 0.76 % 102 sec.™! for the acid and 1.0 sec. ! for the snion:

Introduction

It recently was found in this Laboratory that o-
nitrotoluene in solution on exposure to light under-
goes a transformation to a short-lived eolored state.?
The decay of this colored state was found to follow
the kinetics of a first-order reaction. In ethanol at
room temperature (24 = 1°) the hali-life time was
evaluated to be 5 msee. .

Photochromism has been detected in compounds
which are derivatives of o-nitrotoluene. Tschit-
schibabin and co-workers® discovered that crystals
of 2-(2',4'-dinitrobenzyl)-pyridine turn blue when
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exposed to light and revert to the original colorless
state in the dark. The solid has been extensively
investigated over the last two decades*—7 but it has
been found only recently by employing low tem-
peratures that the color change can be brought
about in solution.® Also by employing low tem-
peratures it has been found that other compounds
closely related structurally, namely, 4-(2',4'-di-
nitrobenzyl}-pyridine® apd 2-(2’-nitro-4’-eyano-
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benzyl)-pyridine are phototropic in solution as
well. - : S S

Preliminary experiments in this Laboratory using
flash photolysis have indicated that a variety of
compounds, all being derivatives of o-nitrotoluene,
are photochromic.? A closer study of the color
change of o-nifrotoluene therefore has been wnder-
taken and is reported in this article.

Experimental

Flask Apparatus.—A description of the flash apparatus
will be given shortly by L. Lindqvist, Instituie of Physical
Chemistry, Uppsala University. Only some data pertinent
to the actual experiments are given here. Briefly an electri-
cal‘energy ‘of 1800 joules (9. pf., 20 kv.) was discharged
through four straight quartz lamps gymmetrically arrsnged
around & eylindrieal reaction vessel giving a fash duration of
5 usec. (1/e time). The readtion vessel had an optical path
length of 20 em. and was provided with an outer filter jacket
which eontained a 0.5 em. layer of 509, aquecus acetic acid.
This filter absorbed all light of wave lengths shorter than
approximately 250 mg. -

The light absorption changes in the system were recorded
by mesans of a single beam absorption spectrophotometer.
The monitoring lamp was a zirconium lamp (Sylvania K 100
Q) powered by a large bank of storage batteries. Other esgen-
t1al parts of the spectrophotometer consisted of a Bausch &
Lomb small grating monochromator, an E.M.I. 95528
photomultiplier tube, and a: Tektronix 535A oscilloseope.
The alit width of the monochromator wag kept constant (0.5
rmm.), corregponding to a spectral hand width of 3 mu.
Various Corning color filters were used to cut off the second-
ary pass band from the:grafing of the mcnochromator.
The anode eurrent from the. photomultiplier was:amplified
in- a cathode follower mounted directly on the photomulti-
plier tube.  The -over-all cireuit had. a time resolution of
about b gsec.in the present experiments. i . s
All éxperiments were carried oub at room temperature (24

Solutions,—o-Nitrotoluene {Matheson Coleman & Bell)
wag recrystallized from absolute ethanol seven fimes. A
simple apparatus! for low temperature recrystallization was
used with Dry Tce and-aleohol in the cooling bath.. Further
purification’ was obtained. by passing anb ethanol solution of
the sample through a 60 cm. long column filled with alu-
minum oxide and collecting the middle fraction.

The conceniration of o-nitrotoluene in the tegt solutions
was 2 X 107t M. o-Nitrotoluene was mixed with. absolute
ethanol. and diluted with.aqueous 0.1 N NaOH and 1 ¥
HCl, .respectively. The final alcohol econcentration
amounted to 0.5% by veolume." : SRl

Deaerating of Solutions.—Before. each: experiment. the
golution was carefully deaerated. The technique employed
was to fréeze, evacuste, and melt three times and to shake
the solution in the presence of argon (Adreo for aiuminum
welding), then to freeze, evacuate, and melt three more
times. The flagk used for the deaeration was connected to
the reaction vessel through a ground standard taper joint
in such a way that the solution could be transferred without
coming in cortact with the stopeock grease.

Results and Discussion

Flashing a solution of o-nitrotoluene revealed
that short-lived species (A*} are formed which
absorb strongly in the blue and near ultraviolet
regions of the gpectrum. A stable photo product
(B) also is formed, as could be seen by a permanent
change in the optical transmission of the solution.
Scanning the spectrum over the region 300 to 600
my showed that the photo product (B) had an ab-
sorption band in the same region as A*. Over the
wave length region investigafed the permanent
{irreversible} inerease in optical density on exposure
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Fig: 1.--Plots of loglog (T, /T) as a furiction of tine for vari-

- ous wave lengths, (Iis the intensity of the light fransmitted

through the solution during the fading of the short-lived
species and [ o, the intensity after completion of the reaction.)
(a]{] a—l?'f}itrbto}uené in' 0,1 ¥- NaOH; ‘{b) o-nitrotolueire in
1 N HCL

to a flash was less than 49 of the reversible change.
When the same solution was flashed several times
the response gradually weakened due to the ac-
cumulation of photo product. No effect on the
rate of decay of A* was ohserved even after ex-
tensive flashing (20-30 flashes). After about 20
flashes the degree of conversion of e-nitrotoluene
into A* was about half of that which was observed
at the first flash. The portion of o-nitrotoluene con-
verted to A® in a flash could not be determined
from these experiments.

The question arises whether the decay reaction
of A* constitutes the transformation of A* into the
new species B or the decay back to the original o-
nitrotoluene (A) (or both).

As the photo produet (B) has an absorption band
in the same region as A* it was impossible to
measure the rate of formation of B hy isolating a
wave length where only B absorbed the light.
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Fig. 2.—Absorption for ¢-nitrotoluene in (.1 N NaOH (0)
and 1 N HCl (@) after exposure to ultraviolet light. The
ordinate is proportional to optical density with dlfferent
proportionality eonstants for the two solutions.

The available information on-the ‘system might
support the assumption that A* decays. pre-
dominantly to A, that is, the over—a.ll process: is es-
sentially reversible. :

If A* decays back to A 1 in.a ﬁrst-order regction
a straight line should be obtamed if log log {I=/1) is
plotied as a function of time. (I symbolizes the in-
tensity of the light transmitted through the solution
during the decay of A* and /. the intensity after
completion of the reaction.) In fact when such
plots are made straight lines are obtained. All plots
were made from the first or the seeond flashing
of a fresh solution. Figure 1 gives some of these
plots for different monitoring wave lengths.

¥rom the plots of log log (I »/I) vs. time at dif-
ferent wayve lengths the absorption spectra of A*
in 0.1 " NaOI and in 1 N IICl could be calculated
and are given in Fig. 2, It has been visualized3—12
that the photoehron:usm of 2:(2/,4'-dinitrobenzyl)-

yndme s due- to a proton: transfer from the
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—CHy— group to the 2’-nitro group together with a
change in the structure of the aromatic ring to a
quinoid configuration. It seems reasonable; there-
fore, to propose that the formation of A* in o-nitro-
toluene is described by the reaction

colored isomer

- CHPQ

“eolorless isomer

N - N
y o L _
6" Mo 10T oo

The colored isomer is probably a relatively strong
acid.. - - Itis, however, reasonable to believe thatin 1
N HCl mostly the acid is present.. ‘In 0.1 ¥ NaQH
the colored isomer should exist mostly as the anion.

CHg : s . CHzﬁ
SN w N
}OINNaOH L 1N HCL

One might thils conclude that the two spectra gwen
in Fig. 2 are the spectrum of the anion (O) a.nd the
spectrum of the acid (@).

- Table I gives the rate constants for the fa,dmg of
A*in 0.1 ¥ NaOH and in 1 N HCl visualized as the
fading of the anion and the acid, respectively,
The data represent mean values obtained from all
the plots of log log (T./I) as a function of time for
the dlfferent wave lengths (compare Fig. 1) :

: ) TABLE 1 )
Rate CONSTANT FOR THE FIRST—ORDER I‘ADING REAGTION
P A* AT ROOM TEMPERATURE (24 £ 19
’ Rate constant

Solution see.ty
: o—Nltrotoluene in0.1 N N2OH. (a.mon) 1.0 -
metrotoluene inlN HC] (amd) £ 0.76 % 10
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